Abstract-The stability problem of impulsive discrete systems with multiple delays is studied. By means of the Lyapunov stability theory and discrete-time Halanay-type inequality technique, we develop sufficient conditions for the exponential stability for the impulsive discrete systems with multiple delays, which involves multiple delays not only at non-impulsive time instants but also at impulsive time instants. The results are extended to two special discrete systems: the delayed discrete systems with time delays at only impulsive time instants and the delayed discrete systems with time delays at only non-impulsive time instants. Finally, the validity of the obtained results is shown by a numerical example.
INTRODUCTION
In recent decades, stability analysis of delayed continuous or discrete systems has attracted much attention, see, for example, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] and the references therein. In many evolutionary systems there are two common phenomena: delay effects and impulsive effects. In implementation of electronic networks, for example, delays frequently appear because of the finite switching speed of amplifiers. On the other hand, the state of electronic networks is often subject to instantaneous perturbations and experience abrupt change at certain instants which may be caused by switching phenomenon, frequency change or other sudden noise, that is, do exhibit impulsive effects. Even in biological neural networks, impulsive effects are likely to exist. For instance, when a stimulus from the body or the external environment is received by receptors the electrical impulses will be conveyed to the neural net and impulsive effects arise naturally in the net. Therefore, neural network model with delays and impulsive effects should be more accurate to describe the evolutionary process of the systems. Since delays and impulses can affect the dynamical behaviors of the system by creating oscillatory and unstable characteristics. Impulsive phenomena can be encountered in many practical systems such as electrical circuit systems, chemical engineering and financial management. These practical systems are characterized by the fact that abrupt jumps happen suddenly at some time points and the system state variables jump out of the original trajectory governed by the continuous or discrete systems at these time points. For instance, the climate changes have an impulsive impact on plant population and the supply and demand of productions will jump abruptly due to the sharp changes of financial environments. It is necessary to investigate both delay and impulsive effects on the stability of discrete systems. Those systems with impulsive effects are usually called impulsive systems and described by impulsive differential or difference equations (see [20] [21] ). On the other hand, time delays can often be encountered in various practical systems including chemical process, networked control systems and transportation systems(see [1] [2] [3] [4] , [6] , [8] , [18] ). It is well known that impulses and time delays frequently cause instability and performance deteriorations. Thus, ignoring them always results in incorrect conclusions. This motivates us to study the stability performance of dynamical systems with impulsive effects and time delays. Studies on stability performance of impulsive delayed continuous systems can also been seen in [22] and [23] .However, stability problems of impulsive discrete systems with multiple delays received little attention.
In this paper, we focus our attention on the stability analysis of impulsive delayed discrete systems and present stability criteria for those systems. We consider the following impulsive delayed discrete systems (1), 
where n xR  is the state vector, A is an nn  constant matrix, f , k u and  are continuous vector functions and   ,0,0, ,0 0 fm 
The impulsive behaviors can be described by
As Halanay inequality technique [24] and [25] provides a general frame to investigate stability performance of delayed dynamical systems, it is also a powerful tool to study impulsive delayed discrete systems. In this paper, we first introduce a discrete Halanay inequality, then, apply the inequality to impulsive delayed discrete systems. Sufficient conditions for exponential stability of the impulsive delayed discrete systems are established. Furthermore, we consider two cases for the impulsive delayed discrete systems: 1) Time delays only happen at impulsive time instants. 2) Time delays only happen at non-impulsive time instants. The rest of the paper is organized as follows. In Section II, some stability concepts of impulsive discrete systems with multiple delays and lemmas are introduced. In Section III, sufficient conditions for exponential stability of the impulsive discrete systems with multiple delays are established via discrete Halanay inequality. In Section IV, a numerical example is presented to show the validity of our results. Finally, section V concludes the paper.
II. PRELIMINARIES
First, we need to introduce some stability concepts for the impulsive delayed discrete system (1).
Definition 1: Given 0 
If there exists a
Then, there exists a
where 
III. MAIN RESULTS
In this section, we consider exponential stability of impulsive delayed discrete system (1). Fist, we will apply the discrete Halanay inequality (2) to the following discrete system,
Theorem 1: Given the discrete system (3), if there exists a 0
Then, the discrete system (3) is exponentially stable. Proof. Let the solution of the discrete system (3) be 
According to Definition1, it can be seen that the discrete system (3) 
is satisfied, then the impulsive delayed discrete system (1) is exponentially stable, where
Proof. Let the solution of the impulsive delayed discrete system (1) Then, the impulsive delayed discrete system (1) can be rewritten as (7) 
According to Definition1, it can be seen that the discrete system (1) is stable. Next, it follows from (8) and from (8) and Definition3, we can conclude that the discrete system (1) is exponentially stable. This completes the proof. Now, we consider the case that time delays dose not happen. The corresponding impulsive discrete system can be described by 
Then, the exponential stability conditions for the impulsive discrete system (9) will be presented below. Therefore, the discrete system (1) is exponentially stable. This completes the proof.
We consider the case that time delays only happen at impulsive time instants. The corresponding impulsive delayed discrete system can be described by We consider the case that the time delays only happen at non-impulsive time instants, i.e., we consider the following impulsive delayed discrete system, 
For the exponential stability conditions of (11), we have the following corollary. 
Then, the impulsive delayed discrete system (11) 
Combining (15) 
According to Definition1, it can be seen that the discrete system (11) 
IV. NUMERICAL RESULTS
In this section, a numerical example is presented to verify and illustrate the usefulness of our main results.
Consider the impulsive delayed system (17) with the following specifications: From corollary3, we know that impulsive discrete system with time delays, which time delays only happen at non-impulsive time instants, is exponentially stable. Figures4 is its state sequence chart under 1 
V. CONCLUSION
We studied stability problems of impulses discrete systems with multiple delays. We consider the case that time delays only happen at impulsive time instants and at no-impulsive time instants respectively. Several sufficient conditions for exponential stability of impulsive discrete systems with multiple delays are derived based on the Lyapunov stability theory and discrete-time Halanay-type inequality technique. Finally, a numerical example was given to show the effectiveness of our results and their simulation are given by Matlab software.
